The goals of this study were to develop and standardize a test of cardiovascular health knowledge to determine its status among primary school children, to ascertain the rate at which
cardiovascular health knowledge increases as compared to other subject areas, and to demonstrate the feasibility of the use of standardized achievement tests for assessing the results of health education curricula.
The Iowa Cardiovascular Health Knowledge Test (ICVHT) was developed and administered in conjunction with a standardized edu-SUCCESSFUL EFFORTS to control the epidemic of cardiovascular disease will require the development of new and effective methods for primary prevention. To date, educational programs directed at risk factor modification in adults have been only modestly successful." 2 Since health behaviors leading to the later development of heart disease are established in childhood, intensified efforts are now underway (personal communication) to improve the quality of health education for children.3 Accurate assessment of the success or failure of any educational program, however, requires a clear understanding of the initial level of knowledge. Unfortunately, such information among elementary school children is lacking. The following study demonstrates the feasibility of applying selected techniques used in standardized achievement tests to conduct a criterion-referenced assessment of health knowledge in primary school children. These techniques permit an assessment of the rate of accrual of health knowledge, and enable comparisons to be made with other subject areas.
Materials and Methods The investigators posed to a panel of cardiovascular medical educators the question, "What constitutes the minimum amount of knowledge of the cardiovascular system a person should possess in order to make intelligent decisions regarding his or her health?" In response to this question, 44 specific concepts were identified, and written instructional objectives were composed for each conceptual area. Experts in the field of cardiovascular disease and continuing medical education were then asked to select from the list the 35 most relevant objectives. The objectives reflect the major cardiovascular content areas of anatomy, physiology, pathology, specific disease entities including atherosclerotic, hypertensive, rheumatic and congenital heart disease, commonly used diagnostic procedures, and concepts regarding disease prevention. Multiple choice questions based upon these objectives became the foundation for the 480 cational testing program, the Iowa Test of Basic Skills (ITBS), to a stratified sample of 2,675 Iowa students from grades six, seven, and eight. The average student in the sixth, seventh, and eighth grades answered 37.9 ± 0.4, 41.2 ± 0.3, and 43.7 ± OA (SEM) percent of the items correctly. ICVHT scores increased minimally (< 1 item/grade) as grade levels increased, but at a 75% slower rate than scores in other subjects tested. The results document a deficiency in cardiovascular health knowledge and provide a model for use in educational assessment programs in other health disciplines.
Iowa Cardiovascular Health Knowledge Test (ICVHT).
With the cooperation of the Educational Measurement Section of the College of Education at the University of Iowa, the Iowa Cardiovascular Health Knowledge Test was administered in the fall of 1975 to a stratified sample of 2,675 Iowa students as an experimental unit in conjunction with the standardized Iowa Test of Basic Skills (ITBS). The ITBS is a nationwide standardized testing program sponsored by the College of Education of the University of Iowa. This test battery includes vocabulary, reading, language skills, work-study skills, and mathematics. A more detailed explanation of the methods used and an example of one of the test forms are given in the Appendix.
Results
The performance of sixth, seventh, and eighth grade students on the ICVHT is listed in table 1. A slight increase in raw scores can be seen as the grade level increases (< 1 item/grade). The mean test score across all grades was 14.35 ± .15% of the items. Figure 1 shows the mean percentage of items answered correctly on the Iowa Cardiovascular Health Knowledge Test when compared to three subtests on the Iowa Test of Basic Skills. Although students in the sixth grade answered correctly approximately the same proportion of questions on the ITBS subtests as on the ICVHT, in the seventh and eighth grades performance on all ITBS subscales tested far surpassed performance on the ICVHT. It is clear from figure 1 that although cardiovascular health knowledge increases slightly as grade levels increase, the rate of increase is markedly slower than knowledge of vocabulary, reading or mathematics.
Scores on the ICVHT were correlated with students' scores on ITBS subscales (composite, vocabulary, reading, and math) using a stepwise multiple regression analysis (table 2). Scores on the ICVHT were most closely associated with scores on the vocabulary section of the ITBS (r = .538). Although scores on the ICVHT were positively correlated with each ITBS subscale, the low proportion of the cumulative ICVHT variance explainable by all ITBS performance subscores indicates that health knowledge test performance does not merely reflect performance in other academic areas. Students taking the ICVHT were asked to indicate whether they had taken a health education unit on the heart or circulation as a required portion of their school's curriculum. Students of all grades taking the ICVHT who received some formal cardiovascular health education scored higher than those who had not by approximately 2% (P < 0.01). An interesting finding was that students who had received formal health education consistently showed superior performance on all nonhealth related ITBS subscores.
Discussion
In 1918 the Commission for Health Education placed health at the top of seven major objectives for education.' This public emphasis on health education has continued with each White House Conference on Child Health since 1932 requesting improved health education.6 7 Despite this public concern, health education receives little attention in the current medical and scientific literature. Opinions regarding the present status of health knowledge and its implications are likely to be dogmatic and convincingly stated, but in all likelihood based on little scientific data. Health education efforts, in contrast to other educational disciplines, have not relied on standardized test instruments to provide scientific data and have generally been less than rigorous in evaluating their effectiveness. The aim of this study is to show that health knowledge can be assessed using standardized testing methods and to provide a model for further evaluative attempts in this area.
Standardized achievement tests represent a potentially useful method for assessing the results of a variety of health education interventions. This method of testing permits a measure of yearly educational growth or lack of growth, allows a valid comparison to be made between performance in different subject areas and enables educational achievement to be compared among diverse groups. Strictly considered, standardized tests are norm-referenced. Test items for norm-referenced examinations are typically selected on the basis of gradations of increasing difficulty. This permits maximum discrimination among the test performances of the examinees. Although this format is appropriate for testing many intellectual skills and abilities, it was felt that an assessment of health knowledge in the general population could be more meaningfully achieved using a criterion-referenced format. Such an approach compares the student's performance to a predesignated standard. The ICVHT was designed as a criterion-referenced examination which would use a standardized format and method of delivery.
For valid comparison and interpretation of the results of standardized tests, however, there must be widespread agreement as to the appropriateness of the objectives to be tested. Lack of clearly specified objectives has been a major 65 F factor limiting the use of standardized testing methods as a means of measuring health educational achievement. The objectives for this test were based upon recommendations of a panel of cardiovascular medical educators and were chosen to reflect major cardiovascular content areas. Although designed to reflect more than a superficial understanding of normal and pathologic cardiovascular function, we tried to develop basic and global objectives. It might be assumed that health education need not be formally taught for improvements in knowledge to ensue. Perhaps the total milieu present today (both educational and social) might act to increase health knowledge in children without the need of formal instructional programs. This study was designed to test this hypothesis and to examine the efficiency with which health knowledge is learned as compared to other subjects using a standardized achievement test.
The ICVHT was designed as a mastery test with the intent that a perfect score (all 35 items answered correctly) would reflect the minimum acceptable cardiovascular health knowledge. Since scores on any examination exhibit moderate variability due to errors of measurement and changing intrinsic factors affecting performance, a 90% 
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,,l VOL 56, No 3, SEPTEMBER 1977 score was designated as the mastery level. The finding that the average sixth, seventh, and eighth grade students could answer correctly only 38, 41, and 44% of test items, respectively, provides evidence that the level of cardiovascular health knowledge of this segment of the population is inadequate. There is an increment in cardiovascular health knowledge as grade level increases. However, this increment is small and much less than the increase that is seen on standardized tests in other fields.
It should not be concluded that the performance of sixth grade students on the ICVHT was satisfactory because scores were similar to those achieved by these students on the ITBS subtests ( fig. 1 ). The ITBS tests were designed to be norm-referenced, not mastery tests, and students would be expected to answer fewer items correctly. From these data it can be implied that the overall educational milieu of the primary school child today is not sufficient to provide for "adequate" cardiovascular health knowledge. However, we are unable to determine whether the inadequate performance results from substandard original educational programs or represents attrition due to lack of continued educational reinforcement.
One might contend that the poor examination performance by these students was merely a reflection of unrealistically high standards set by the cardiovascular medical educators. Such a possibility is disturbing and cannot be unequivocally refuted. The continuing high death rate from cardiovascular disease might be used, however, as strong support for the counterargument, that current educational standards are too low.
It is not surprising to see that students who had completed a cardiovascular health education course outscored those who had not. Differences in performance between these two groups, although statistically significant, were small. The performance of those students who had received formal health education was still far short of the desired mastery level goal. A recent review of the health curricula in the secondary schools in the metropolitan Washington, D.C. area revealed that only approximately 10-15% of the present course work was allocated to cardiovascular disease and cancer. 8 In the primary schools as well, health curricula often reflect the major public health emphasis of the 1930s, infectious disease and hygiene. The results of this investigation suggest that in the future, greater emphasis should be placed on cardiovascular health education in the school health curriculum.
Underlying all health education efforts is the assumption that a successful educational program yielding higher levels of knowledge and improved understanding will translate into desired behavior changes.9 Does the acquisition of health knowledge assure healthier behavior? Certainly not. There is no guaranteed congruence between health knowledge and health behavior.i There is little evidence, however, that greater levels of health knowledge are detrimental, leading to undesirable health behavior or health neurosis." Health education appears rather to be a necessary prerequisite for the success of other methods to improve health behavior., 12 The results of this study quantitate the deficiency in cardiovascular health knowledge among primary school students. This deficiency becomes greater with age relative to knowuledge of other subject areas. This study provides a model for the use of standardized achievement tests for cardiovascular educational assessment, a model which can be easily generalized to other health disciplines. The test distribution system effectively used in this study can be utilized for the assessment of health knowledge by all school systems performing either periodic testing or mandatory educational assessment.
Appendix
A panel of eight cardiologists at a major teaching hospital was asked to respond to the question. "What constitutes the minimum amount of knowledge of the cardiovascular system a person should possess in order to make intelligent decisions regarding his or her health?" In response to this query, 44 specific concepts were identified and written instructional objectives composed for each conceptual area. The eight cardiologists and two general physicians were then asked to rank each objective as to major or minor importance. Thirty-five major objectives were selected for use. Specialists in the area of nutrition, science education, health education, educational measurement, and medical education were asked to formulate five multiple choice test questions based upon each objective. The items were reviewed for psychometric quality by an educational measurement consultant, and for accuracy of content by a cardiologist.
An example of a conceptual statement, objective and question is shown below:
Concept: What is a heart attack?
Objective: Each person will be able to describe a heart attack as a condition which results when the blood supply from the coronary arteries is insufficient to meet the demands of the heart for oxygen, and an area of heart muscle dies. Test Question: What occurs as the direct result of a heart attack? 1) An area of the heart dies.
2) A portion of the brain dies.
3) The blood pressure increases. 4) The blood begins to decompose. (Correct answer -#1) Three hundred questions were prepared for preliminary evaluation. From this list. 175 met the strict psychometric guidelines set by the authors. Five test forms were created by randomly assigning the items associated with each objective to each of the forms. One question for each objective was used on each test form. An additional item was added asking if the student had taken a health education unit on the heart or circulation in the school curriculum. The five forms were pilot-tested on 30 sixth grade students to provide initial estimates of 1) time needed for completion, 2) item quality (as assessed by individual interviews), 3) appropriateness of the language level of the items for the age group and 4) test difficulty. Based upon the pilot test results the items were again revised to remove flaws. The maximum time necessary to complete the exam was 20 minutes.
The ICVHT was administered as an experimental unit of the Iowa Test of Basic Skills (ITBS) in the fall of 1975. The ITBS is a nationwide testing program which was last standardized in 1970 using a base sample of over 20,000 students per grade. Stratification of the ITBS sampling units was based primarils upon community size and socio-economic characteristics with care being taken to achieve regional representation and public-parochial school balance.4 Subtests of the ITBS include vocabulary, reading, language skills, work-study skills and mathematics. The ITBS is administered by the classroom teacher under strictly controlled conditions. A stratified sample of 2.675 Iowa students from 20 schools was selected to be representative of the state of Iowa with respect to geographic location, school size. and general intellectual performance. Stratification as to intellectual performance was accomplished by selecting schools ranking in each of ten percentile groups (10% to 100%) using the school's mean composite score on the 1974 ITBS. All of the schools asked to participate in the study administered and returned the exams. Scoring of the answer sheets was performed by computer and item difficulty and discrimination values were calculated for each question. The mean discrimination index of all questions used was 0.30, thus impising good functional discrimination." Scores on each test form were calculated separately and compared. Since differences between individual test forms failed to achieve statistical significance all descriptive statistics are based on combined forms.
Test scores on the ICVHT at each grade level were compared to scores obtained bv the same students on the ITBS subscales. Although the ICVHT was constructed as a mastery test, it did not exhibit the ceiling effect characteristic of mastery exams. The low mean item difficulty allowed the scores to exhibit a large amount of variability which, at each grade level, closely approximated a normal distribution. The lack of a ceiling effect and the normalitv of the distribution led the authors to conclude that valid comparisons could be made between the ICVHT and the standardized ITBS subscales. A 482 CI RCULATION CARDIOVASCULAR KNOWLEDGE IN CHILDREN/White et al.
step-wise multiple regression analysis using the ITBS subscales was performed to determine the percentage variability of the ICVHT which could be explained solely on the basis of student performance in other subject areas (see table 2 ).
Test A: Health Test
This is a test of how well you know basic health facts. Read each exercise first and then mark the answer to the question.
Here is a sample question with the correct answer.
1. Red blood cells carry (1) Helium (2) 
